A gas-liquid chromatographic method developed for the determination of putrescine and cadaverine in fishery products was modified for application to the determination of diamines in shrimp. Addition of potassium chloride and hydrochloric acid to the methanol-water extraction solvent resulted in increased recovery of the diamines and minimized gel formation. The recovery of putrescine increased on average from 64 to 98%, and the recovery of cadaverine increased from 85 to 93%. The chromatographic separation of the derivatized diamines was significantly improved with a change from an OV-225 column (cyanopropyl methyl phenyl methyl silicone) to a more polar HP-Innowax column (crosslinked polyethylene glycol). Background levels of putrescine and cadaverine in known high-quality shrimp ranged from 0 to 0.7 ppm. Shrimp that failed sensory examination generally contained putrescine at levels >4.8 ppm and cadaverine at levels >1.3 ppm.
A gas-liquid chromatographic method developed for the determination of putrescine and cadaverine in fishery products was modified for application to the determination of diamines in shrimp. Addition of potassium chloride and hydrochloric acid to the methanol-water extraction solvent resulted in increased recovery of the diamines and minimized gel formation. The recovery of putrescine increased on average from 64 to 98%, and the recovery of cadaverine increased from 85 to 93%. The chromatographic separation of the derivatized diamines was significantly improved with a change from an OV-225 column (cyanopropyl methyl phenyl methyl silicone) to a more polar HP-Innowax column (crosslinked polyethylene glycol). Background levels of putrescine and cadaverine in known high-quality shrimp ranged from 0 to 0.7 ppm. Shrimp that failed sensory examination generally contained putrescine at levels >4.8 ppm and cadaverine at levels >1.3 ppm.
S
hrimp is one of the most highly valued fishery products imported into the United States. It is sold in a variety of forms, including raw, frozen, cooked frozen, breaded, and canned products. Fermented liquids and pastes are also produced from shrimp for use in Asian cooking. Shrimp is a highly perishable commodity. The combined effects of unsanitary conditions and a lack of adequate refrigeration in the geographical regions in which shrimp are harvested contribute to several types of decomposition, especially in shrimp harvested from the ocean. Changes due to mishandling during processing, storing, and transporting can result in additional changes in quality. An accurate knowledge of the level of decomposition in imported shrimp products is not readily available. In an FY89/FY90 survey of 162 samples of commercial shrimp, 15% of the samples examined were found to contain definite odors of decomposition (1) . Shrimp appears each year as one of the top 5 seafood products associated with consumer complaints of illness reported to the U.S. Food and Drug Administration in FY94/FY99. (Illness was determined by any report of nausea, vomiting, or diarrhea.)
The primary routes for decomposition in shrimp result in ammonia-like odors, musty odors (reminiscent of indole), or odors associated with low-temperature spoilage that may include acid, fermented, putrid, or bilge odors. Blanching, washing, and thermal processing all have a profound effect on the original odors and result in residual odors that, even for expert analysts, are difficult to detect and interpret correctly.
In 1981, Chambers and Staruszkiewicz (2) reported that the diamines were less affected by thermal processing and chlorination than were indole or spoilage odors. Thus, chemical support for organoleptic analysts becomes most important for processed forms of shrimp. Indole has been recognized as an indicator of decomposition for more than 50 years and has served as an excellent indicator of decomposition when high-temperature abuse has occurred in the early stages of harvesting and handling of shrimp (3) (4) (5) (6) . [Chang et al. (7) reported that detectable levels of indole did not develop in shrimp held on ice before 7 days of storage, and then increased slowly.] For shrimp spoiled at low temperatures or after post-harvest chilling, an additional indicator of decomposition, which can survive thermal processing and masking treatments, has been needed.
The presence of putrescine and cadaverine in decomposed shrimp and other fishery products was reported by Meitz and Karmas in 1978 (8) . Putrescine levels increased more rapidly than cadaverine levels with values from 5 to 25 ppm putrescine in decomposed shrimp and 25 ppm and up in advanced decomposed shrimp. Shakila et al. (9) studied the formation of putrescine, cadaverine, tyramine, and histamine in shrimp during storage at 0°, 5°, and 30°C and found that putrescine levels increased as spoilage occurred at low and high temperatures. Putrescine levels again were reported to increase more rapidly than cadaverine levels, reaching 20 ppm in 5 days in refrigerated shrimp, 50 ppm in 13 days in iced shrimp, and 30 ppm in 6 h in shrimp held at 30°C.
Early research on the presence of putrescine and cadaverine in shrimp was conducted by using a gas-liquid chromatography (GLC) method (10) developed for the determination of cadaverine in fishery products as an indicator of decomposition and scombrotoxin in tuna and mahimahi. However, interlaboratory comparative testing (11) showed that the routine quantitation of the diamines from shrimp would require different extraction conditions than those used for finfish because of low recoveries of putrescine from shrimp. An acid extraction solution of 75% methanol + 25% 0.4N HCl in 0.5% KCl was developed, which increased the recoveries of the diamines and minimized gel formation. Additionally, several peaks were observed in the chromatography of the derivatized shrimp extracts that interfered with quantitation of the diamines. Therefore, a different column (HP-Innowax; crosslinked polyethylene glycol) was selected, which resulted in the separation of all peaks necessary for quantitation of the diamines in shrimp. The official AOAC GLC Method 996.07 for the determination of putrescine and cadaverine in tuna and mahimahi (12) was modified with a new extraction procedure and improved chromatography. The modified method was then applied to samples of shrimp decomposed over a range of temperatures. This report describes the analytical procedure and performance for the analyses of raw and canned shrimp of various qualities using the original and modified methodologies. 
METHOD

Apparatus
Preparation of Putrescine-Cadaverine Calibration Standard Solutions
Pipet 1 mL aliquot hexanediamine internal standard working solution and indicated volumes (Table 1) putrescine-cadaverine standard working solutions into separate 100 mL round-or flat-bottom 24/40 flasks. Add ca 0.5 mL 1N HCl, and evaporate to dryness on rotary evaporator at ca 50°-60°C.
To dried residue add 1 mL ethyl acetate and 300 mL PFP anhydride, using a glass syringe. Close flask with stopper, mix, and heat 30 min at 50°C in water bath. Stoppers should be secured with restraining clip because of pressure increase as PFP reaction is heated.
Swirl solution at least once during reaction. After reaction of PFP anhydride with residue of putrescine-cadaverine calibration standard solution, the resulting mixture should remain clear. Within 2 h after removal from water bath, proceed to next step to purify putrescine-cadaverine calibration standard-PFP reaction mixture using SPE tube.
Add 2 mL toluene to putrescine-cadaverine calibration standard-PFP reaction mixture. Add 2 mL hexane to each SPE tube and let flow through by gravity. Discard hexane. Add 150 mL putrescine-cadaverine calibration standard-PFP-toluene reaction mixture to top of SPE tube. Start collecting effluent when mixture is added. Add 150 mL 50% ethyl acetate-toluene solution to tube. After mixture passes into frit, add 2 mL 50% ethyl acetate-toluene solvent. Add additional 8 mL 50% ethyl acetate-toluene solvent (total 10 mL), and collect entire effluent. Effluent is stable for at least 3 months when stored refrigerated in the dark.
Preparation of Test Sample
Extract product with 75% methanol/25% (0.4N HCl, 0.5% KCl) as follows: Transfer 10.00 g product to blender bowl, and add ca 60 mL 75% methanol + 25% 0.4N HCl in 0.5% KCl. Blend ca 2 min at high speed. Transfer to 100 mL glass-stoppered volumetric flask, rinsing lid and blender jar with same extraction solvent and adding rinses to flask. Heat in water bath to 60°C, and let stand 15 min at this temperature. Cool to room temperature, and dilute to volume with extraction solvent. Chill in ice bath for >45 min or in refrigerator overnight. Mix by inverting, and filter through folded coarse filter paper. The methanol extracts are stable under refrigeration for a minimum of 4 months. Pipet 5.0 mL extract into round-bottom flask, add 1 mL internal standard solution and ca 0.5 mL 1N HCl, and evaporate to dryness on rotary evaporator at ca 50°C. (Note: Extracts must be evaporated to dryness. Provide adequate chilled water for condenser and vacuum evaporation.) After all solvent is evaporated, add 2-3 mL 75% methanol (no salt/acid), swirl, and evaporate again. (Note: This will eliminate the last trace of HCl and ensure that the extract is dry.) Dried residues of methanol extracts (before reaction with PFP anhydride) are stable for a minimum of 3 days.
To dried residue of methanol extract, add 1 mL ethyl acetate and 300 mL PFP anhydride using glass syringe. Close flask with stopper, mix, and heat 30 min at 50°C in water bath. (Note: Because of pressure increase as PFP reaction is heated, stoppers should be secured with restraining clip.) Swirl solution at least once during reaction. After reaction of PFP anhydride with residue of methanol extract, the resulting sample-PFP reaction mixture will turn yellow with most fishery products. (Note: Clear sample-PFP reaction mixture indicates presence of water in residue of methanol extract. In such case, repeat evaporation step with new extract aliquot, and then proceed with analysis.) Within 2 h after removal from water bath, proceed to the next step to purify sample-PFP reaction mixture using SPE tube.
Proceed as in Preparation of Putrescine-Cadaverine Calibration Standard Solutions, beginning "Add 2 mL toluene ...," using sample-PFP reaction mixture instead of putrescine-cadaverine calibration standard-PFP reaction mixture.
GC Determination
Adjust GC to give full-scale recorder response for injection of 1 mL derivatized putrescine-cadaverine calibration standard solution V from Preparation of Putrescine-Cadaverine Calibration Standard Solutions. For products containing lower levels of analytes (e.g., 0-5 mg cadaverine/g), set derivatized putrescine-cadaverine solution IV (5 mg/g) full scale.
Inject 1 mL effluent of sample from Preparation of Test Sample into GC system. (Note: Full calibration of GC system with duplicate injections of each putrescine-cadaverine calibration standard solution is required only at the beginning of analysis unless instrument is shut down between analyses. When analyzing test portions on succeeding days, rerun derivatized putrescine-cadaverine calibration standard solutions II and III through GC system to ensure that calibration of instrument is stable. The duration of a run should be set at 35 min when shrimp extracts are analyzed because there can /g (ppm) .
If the values obtained for putrescine and cadaverine in test sample are higher than those obtained for the most concentrated putrescine-cadaverine calibration standard solution, quantitate putrescine and cadaverine levels in test sample by analyzing a smaller aliquot of 75% methanol + 25% 0.4N HCl in 0.5% KCl extract solution (e.g., 1 mL), and multiply by appropriate factor to calculate values in mg/g. In addition, a smaller volume of test solution may be injected or instrument attenuation may be adjusted to estimate putrescine and cadaverine content.
Description of Shrimp Samples
The method performance was tested on raw and canned shrimp. Raw shrimp samples were obtained from Florida, Nicaragua, and the Gulf Coast. Decomposed samples were prepared from high-quality pond-raised shrimp with portions subjected to controlled incremental temperature abuse. The canned shrimp were prepared from shrimp harvested from the Gulf of Thailand and processed in Songkhla, Thailand. The shrimp had been classified by sensory analyses prior to canning and ranged from good quality through various spoilage increments. 
Results and Discussion
A modified extraction procedure was needed to extend the GC method for determination of putrescine and cadaverine to shrimp. Extraction of shrimp with a 75% methanol-water mixture as found in AOAC 996.07 yielded 52-76% recovery of putrescine and 73-112% recovery of cadaverine as shown in Table 2 . Substitution of HCl for water in the extracting solvent increased the recoveries but caused the formation of gels that slowed filtration. Addition of KCl to the extraction solvent minimized the formation of gels and allowed the shrimp slurry to be filtered more efficiently. Several combinations of salt and acid were used to determine the lowest concentrations of salt and acid that would result in the best recoveries with a reasonable filtration time (Table 3) . A low salt concentration (0.5%) was eventually selected to minimize difficulties adsorbed water interfering with the PFP anhydride reactions.
A range of extraction volumes from 4 to 8 mL were dried and derivatized to determine the optimum amount of extract for the reaction. A 5 mL aliquot of the extract instead of 10 mL (as per AOAC Method 996.07) was used in the evaporation step to reduce the amount of salt in the PFP reaction. Salt in the dried extract has an affinity for water and causes difficulty in evaporating the extract to dryness. Using more than 5 mL resulted in incomplete reactions based on the quantity of putrescine and cadaverine determined. Using less than 5 mL extract would approach the limits of detection of the method on samples containing <0.5 ppm.
A change in the column used for chromatographic separation and quantitation of the diamines was also necessary. The chromatograms of derivatized shrimp extracts displayed a more complicated pattern of peaks than had been observed with extracts of tuna or mahimahi when separated on an OV-225 column as used in AOAC 996.07 (Figures 1 and 2) . The presence of asymmetrical shoulders on some chromatographic peaks indicated the possibility of some co-eluting peaks (i.e., peak at RT = 8.35; Figure 1 ). In particular, the co-eluting compounds gave a false assay for the presence of putrescine in some samples of fresh, acceptable quality shrimp harvested from the Gulf of Mexico. The fact that recoveries in the preliminary experiment to select an appropriate extraction solution were >100% (Table 3) is probably due to co-eluting peaks that interfered with quantitation of the diamines. Adjustments in temperature and flow rates using the OV-225 column resulted in slight separation of some peaks. An Innowax, 30 m´0.53 mm column, consisting of a more polar stationary phase, eventually resulted in an acceptable separation of the diamine peaks from shrimp extracts ( Figure 3 ) and also retained good separation of the diamine peaks from tuna extracts (Figure 4 ).
The concentration of putrescine and cadaverine in a number of samples of raw and canned shrimp sample was determined using the described column modification. Recovery data are presented in Table 4 . Recoveries were calculated from triplicate determinations on raw shrimp at 2 concentrations and from duplicate determinations on one canned shrimp at a single concentration. Recoveries for the raw shrimp ranged from 80.6 to 111%. Recoveries for the canned shrimp ranged from 94 to 98%. The coefficient of variance ranged from 6.3 to 7.9%, respectively, for the 2 product types tested.
Levels of putrescine and cadaverine in a variety of shrimp samples determined with the OV-225 column and the Innowax column are listed in Tables 5 and 6 . In most cases, the values for putrescine and cadaverine were lower with the Innowax column than those obtained with the OV-225 column. This was expected because peaks that co-eluted with the putrescine and cadaverine peaks on the OV-225 column are separated on the Innowax column. Background levels of putrescine in known high-quality raw shrimp ranged from 0 to 0.62 ppm, and cadaverine ranged from 0 to 0.66 ppm. Levels of putrescine in passable canned shrimp ranged from 0.63 to 1.0, and cadaverine levels were 0. Raw and canned shrimp samples that failed sensory examination generally contained putrescine at levels > 4.8 ppm and cadaverine at levels >1.3 ppm. Putrescine and cadaverine form in shrimp under conditions of both high-and low-temperature spoilage. The formation of each diamine and rate of formation is dependent on the temperature of storage and the microflora present. Research on wild-caught domestic shrimp (Litopenaeus setiferus and L. brasiliensis) and aquacultured Nicaraguan shrimp (L. vannamei) has demonstrated the utility of these amines, especially putrescine, as indicators of decomposition in shrimp stored under a wide range of storage temperatures (13) . However, further research is needed, using authentic sample packs prepared under varying conditions, to assess the application of putrescine and cadaverine as potential regulatory tools. As such, rugged and reliable methodology that accurately quantitates putrescine and cadaverine is desirable. The sample extraction and chromatographic column modifications made to AOAC Official Method 996.07 enable it to be used for the quantitative determination of putrescine and cadaverine for continuing research studies on decomposition in shrimp. 
